ABSTRACT DM Cyg, a fundamental mode RRab star was observed in the 2007 and 2008 seasons in the frame of the Konkoly Blazhko Survey. Very small amplitude light curve modulation was detected with 10.57 d modulation period. The maximum brightness and phase variations do not exceed 0.07 mag and 7 min, respectively. In spite of the very small amplitude of the modulation, beside the frequency triplets characterizing the Fourier spectrum of the light curve two quintuplet components were also identified. The accuracy and the good phase coverage of our observations made it possible to analyse the light curves at different phases of the modulation separately. Utilizing the IP method (Sódor, Jurcsik and Szeidl, 2009) we could detect very small systematic changes in the global mean physical parameters of DM Cyg during its Blazhko cycle. The detected changes are similar to what we have already found for a large modulation amplitude Blazhko variable MW Lyrae. The amplitudes of the detected changes in the physical parameters of DM Cyg are only about 10% of that what have been found in MW Lyr. This is in accordance with its small modulation amplitude being about one tenth of the modulation amplitude of MW Lyr.
INTRODUCTION
Utilizing our full access to an automatic 60 cm telescope we have obtained extended multicolour observations of many fundamental mode RR Lyrae variables showing light curve modulation (the Blazhko effect) during the past five years. Detailed analyses of some of our targets were already published in ). Our observations are the first multicolour photometric data which are accurate and dense enough to allow not only to determine lation with a period of 26 d by , but neither the NSVS data ) nor the complete data set of its maximum timings show phase modulation with this period (Sódor & Jurcsik 2005) . Though DM Cyg is a relatively bright (V = 10−11 mag) RR Lyrae star, complete, accurate, multicolour light curve of its pulsation has never been published. Its period change was, however, regularly monitored by different groups of observers. The GEOS database 1 lists 260 maximum times of DM Cyg between 1900 and 2008.
In the present paper we publish our extended CCD observations of DM Cyg and the results of the analysis of its light curve modulation. Archive photographic and photoelectric Konkoly data are also processed.
DATA
CCD observations were obtained with the automated 60 cm telescope of the Konkoly Observatory, Svábhegy, Budapest equipped with a Wright Instruments 750 × 1100 CCD camera and BV IC filters. Measurements were taken on 81 nights between July 2007 and Sept 2008. About 3100 data points in each band were gathered. Exposition times were 200, 60 and 40 sec or a bit longer depending on the sky transparency in the BV IC bands, respectively. Data reduction was performed using standard IRAF 2 packages. Aperture photometry of DM Cyg (21:21:11.548 +32:11:28.71 ) and several neighbouring stars were carried out in order to check the stability of the photometry and the constancy of the comparison stars. The relative magnitudes of DM Cyg measured to the mean magnitudes of C1=GSC2.2 N0330220980 (21:21:30.731 +32:13.05.78), and 1 http://dbrr.ast.obs-mip.fr/maxRR.html 2 IRAF is distributed by the National Optical Astronomy Observatories, which are operated by the Association of Universities for Research in Astronomy, Inc., under cooperative agreement with the National Science Foundation. C2=GSC2.2 N03302207371 (21:20:59.483 +32:13.01.63) are used in the analysis. The Tycho B and V magnitudes of the comparison stars C1 and C2 are BT = 12.705, VT = 11.799, and BT = 13.081, VT = 12.150, respectively (Hog et al. 2000) . Second order extinction correction of the data were applied in the B band. Relative magnitudes are transformed to standard BV IC magnitudes. More details on the reduction procedure are given in . Archive photoelectric and photographic data obtained with the 60 cm telescope in 1978 and with a 16 inch astrograph between 1934 and 1958 are also utilized. Photoelectric observations were obtained on 4 nights, the BV magnitudes were measured relative to GSC2.2 N03302207371. The photographic measurements comprise data from 40 nights, the plates were evaluated using GSC2.2 B magnitudes of the surrounding stars. Table 1 shows a sample of the Konkoly photometric data of DM Cyg. All the photometric observations are available in the online version of the journal as Supplementary Material.
Seasonal normal maximum timings from each data set have been determined for five epochs, these data are listed in Table 2 .
RESULTS
The accurate CCD observations reveal that the light curve of DM Cyg is not stable. It shows small amplitude modulation, the variations in maximum brightness and phase are only about 0.07 mag and 0.005 d (7 min, 0.012 pulsation phase), respectively.
The V light curve of DM Cyg and the results obtained folding the data with the pulsation and modulation periods are shown in the three panels of Fig. 1 . The phased residual light curve after the removal of the mean pulsation light variation is given in Fig. 2 . This figure shows the differences Residual V light curve of DM Cyg after removing the pulsation components from the data according to the light curve solution given in Table 3 . Residuals of the smallest (stars) and the largest (diamonds) amplitude phases are shown with large symbols in the left-hand and right-hand panels, respectively. Note that the residuals have larger amplitude at around the middle of the rising branch of the pulsation (phase = −0.1) than around pulsation maxima (phase = 0) due to phase modulation.
of the amplitude of the modulation at different phases of the pulsation. The well observable amplitude of the modulation is concentrated to a narrow phase range of the pulsation around minimum, rising branch and maximum. A similar behaviour has been already found in RR Gem and SS Cnc, in two other small modulation amplitude Blazhko variables . The amplitude of the the residual variation is the largest at around the middle of the rising branch of the pulsation light curve (phase = −0.1) indicating phase modulation of the rising branch as well. There is a difference between the phase of the amplitude modulation of the maximum of the light curve and the phase of the phase modulation of the same feature. In particular the maximum positive displacement of the timings of the maximum brightness precedes the occurrence of the brightest maximum by about 0.25 Blazhko phase as it is shown Fig. 3 . The elements of the pulsation and the modulation are:
T max puls = 2 454 312.514 [HJD] + 0.419863 · E puls ,
and T max Bl = 2 454 312.514 [HJD] + 10.57 · E Bl .
E puls and E Bl denote the epoch number of the pulsation and modulation cycles, respectively. The pulsation and modulation periods correspond to the mean values of the frequencies of the light curve solutions of the B, V and IC data using 'locked' frequency solutions of the kf0 pulsation and kf0 ± fm, and fm modulation frequency components (i.e., the modulation side lobe components are at the positions of the linear combination frequencies).
Data analysis was performed using the different applications of the MUFRAN package ), a linear combination fitting program developed byÁ. Sódor, and the linear and nonlinear curve fitting abilities of gnuplot 3 . . The left-hand panels show the spectral window, the amplitude spectrum and the residual spectrum after the removal of the pulsation components for the CCD V data. The middle and right-hand panels show residual spectra in the vicinity of the 10f 0 , 11f 0 , and 12f 0 (k = 10, 11, 12) and of the 25f 0 , 26f 0 , and 27f 0 (k = 25, 26, 27) frequencies, respectively. The spectrum has been prewhitened for the pulsation components up to the 24th order, and in the right hand panels for the detected modulation components, too. These spectra indicate that modulation frequency components are present only in the first 10-11 orders, while the pulsation can be accurately described if harmonic frequency components are taken into account up to as high as the 27th order. For clarity, vertical grids denote the positions of the kf 0 , kf 0 + fm and kf 0 − fm frequencies. . Fourier spectra of the V and B residual data in the vicinity of f 0 and 2f 0 . The pulsation and the kf 0 ± fm modulation frequencies have been removed. The f 0 − 2fm and 2f 0 − 2fm quintuplet components appear in these residual spectra with ∼ 0.001 mag amplitude.
The light curve solution
The Fourier amplitudes and phases of the pulsation and modulation frequency components identified in the spectra of the BV IC light curves of DM Cyg are summarized in Table 3 . The Fourier decompositions use sin terms and the initial epoch corresponds to one of the brightest maxima of the modulated light curve, T 0 = 2454312.514. The errors of the amplitudes are ∼ 0.0002 mag, the errors of the phases for the time transformed V data (see the details later) are given in the last column. The pulsation components are detectable up to the 27th order, while the modulation side frequencies (kf0 ±fm) diminish at around the 11th order as documented in Fig. 4 . The modulation frequency fm is present without question in each of the B, V, I spectra with similar ampli- . Amplitude decrease of the pulsation and modulation side lobe frequencies at different orders shown as amplitudes normalised to the amplitudes of the first order (k=1) components. The decrease of the amplitudes of the harmonic components of the pulsation is exponential like, while the decrease of the amplitudes of the side lobe frequencies is more linear, with irregular character in the low orders.
tudes as the 4th order negative and the 9th order positive modulation side lobe components have. Quintuplet frequencies are detected at f0 − 2fm and 2f0 − 2fm as shown in Fig. 5 . The 51 frequencies listed in Table 3 fit the data with 6-8 mmag residual scatter in each band, which is about the level The decrease of the amplitudes of the pulsation components with increasing order is smooth and exponential-like. The amplitude decrease of the modulation components is however, different. The amplitudes of the low order modulation components behave irregularly, while they show a linear decrease at higher orders (see Fig. 6 ). Similar behaviour of the amplitude decrease of the detected frequencies were demonstrated for RR Gem, SS Cnc and SS For ). phase bins of the modulation. The first five Fourier parameters of the 15th order harmonic fits to these individual V light curves are plotted in Fig. 8 . Comparing the variations of the Fourier parameters of the light curves of DM Cyg with that of MW Lyr ( Fig. 12 in ) the following differences are conspicuous. The amplitudes of the detected changes in the Fourier parameters are about one order of magnitude smaller than the amplitudes of the light curve variations in MW Lyr. The amplitudes of the variation of the amplitudes of the f0, ...5f0 components decrease more drastically with increasing order in MW Lyr than in DM Cyg. This is most probably connected to that the pulsation components are detected only up to the 12th order in MW Lyr, while they can be observed up to the 27th order in DM Cyg. Nevertheless the phase relations between the amplitude modulation and the variation in the phase of the f0 pulsation component are the same for the two stars, the detected changes in the epoch independent phase differences [ϕ(f k1 )] are, however, significantly different. While in DM Cyg the ϕ(f k1 ) phase differences show sinusoidal variations with 0.25 (π/2) phase shift and with larger amplitude than ϕ(f0), in MW Lyr the amplitudes of the variations of the ϕ(f k1 ) components are smaller than the amplitude of ϕ(f0) and they do not show strictly regular behaviour with the modulation period.
In we have introduced a new method of analysing Blazhko variables' light curves. It was shown that if the times of the observations are corrected according to an appropriate time transformation defined by the variation of the phase of f0 during the Blazhko cycle, then the modulation can be separated into phase and amplitude modulation components. The time transformed data showed pure amplitude modulation for MW Lyr. Though the modulation amplitude of DM Cyg is very small, we have checked how a similar time transformation influences its modulation properties. Transforming the times of the observations according to a continuous harmonic function of the ϕ(f0) data, the V observations folded with the pulsation period is compared to the folded light curve of the original data of DM Cyg in Fig. 9 . Enlarged plots of the middle of the rising branch are inserted in the figures. Though the difference between the original and the time transformed data is small, the reduction of the phase modulation component in the time transformed data is indicated by the narrowness of the rising branch in the right-hand panel of Fig. 9 .
In the last three columns of Table 3 the Fourier amplitudes and phases and the errors of the phases are listed for the time transformed V data. The amplitudes of the modulation side frequency components kf0 + fm and kf0 − fm are about the same and the phases of the triplets in the different orders show definite phase coherency according to the Fourier solution of the time transformed data (see Fig. 10 ). As the phases of the components of the triplets are epoch dependent, this phase coherency holds only if the initial epoch corresponds to the phase of the maximum of the modulation. It can be proved analytically that the phases of the components of a modulation frequency-triplet are identical if the modulation is pure amplitude modulation and the initial epoch corresponds to π/2 using sine terms, i.e, it is chosen to be at the maximum phase of the modulation ). The phase coherency of the triplets and the symmetry of the amplitudes of the side frequencies confirm that the modulation of the time transformed data is basically amplitude modulation.
Based on analytical and test results it was recently shown by that the phase difference between the phases of the amplitude and phase modulations is connected to the difference between the squares of the amplitudes of the f0 + fm and f0 − fm components. If the f0 + fm component has larger amplitude than f0 − fm has, then the occurrence of the largest amplitude of the pulsation (maximum of the brightness maxima) precedes the occurrence of the largest delay of the maximum timings (largest positive O − C value) and the direction of the progression in the maximum brightness-maximum light phase plot (righthand panel in Fig. 3 ) is anti-clockwise. Contrarily, if the larger amplitude modulation components are the kf0 − fm frequencies, then the phase of the largest delay of the light curve precedes the phase of the maximum amplitude. DM Cyg is an example for the former case, the amplitudes of the kf0 + fm components are larger than the amplitudes of the kf0 −fm components, the maximum of the amplitude modulation precedes the phase of the largest delay of the maxima and the direction of the progression in the right-hand panel in Fig. 3 is anti-clockwise. Due to the non-sinusoidal shape of the light curve and the residual phase modulation in the higher order pulsation components the phases of maxima vary slightly in the time transformed data as well. The difference between the phase of the highest light maximum and the phase of the maximum brightness of the largest delay during the Blazhko cycle is around 180
• for this data set as it is shown in Fig. 11 , i.e. the largest delay of the light curve occurres when the amplitude of the pulsation is the smallest. Fig. 11 shows the same plots as Fig. 3 but for the time transformed data. The right-hand panel shows already hardly any loop structure wider than the scatter of the data.
Changes in the global physical parameters during the Blazhko cycle
In Sódor, we demonstrated that from good quality multicolour photometric data the physical parameters of RRab stars can be determined with similar accuracy as with direct Baade-Wesselink analysis, using an inverse photometric method (IPM). We applied this method to the BV IC light curves of MW Lyr at different phases of its Blazhko modulation succesfully, about 1 − 2% changes in the mean global physical parameters (L, T ef f , R) were detected during the Blazhko cycle ). Before analysing the light curves of DM Cyg at different phases of its modulation, first we have to determine those parameters that definitely do not vary during the Blazhko cycle. These are the metallicity, the mass and the distance of the star and the dereddened standard magnitudes of the comparison stars i.e., the zero points of the magnitude scales used.
The [Fe/H] of DM Cyg was determined spectroscopically by and The IPM finds mass values that are too large on evolutionary grounds in some cases if the mass is also allowed to vary by the fitting process. The fitting accuracy of the different mass solutions differs, however, only marginally. The mean B, V, IC light curves of DM Cyg are fitted with 5.1, 4.7 and 4.0 mmag residual scatters when the mass value is also allowed to vary. In this case the best solution is found at M = 0.84MSun. The r.m.s. of the fixed M = 0.55MSun mass solution B, V, IC light curve fits are 5.2, 4.6 and 4.3 mmag, respectively. The average fitting accuracy in the three bands decreases only 0.1 mmag, from 4.7 to 4.6 mmag, when the mass is also allowed to be fitted. That is, the method is rather insensitive to the value of the mass. Therefore, in order to obtain reliable solutions, the IPM has been run with 0.50, 0.55 and 0.60 MSun fixed mass values for the mean light curves of DM Cyg.
The global mean absolute physical parameters of DM Cyg averaged over both the pulsation and the Blazhko cycles and its distance are derived from the mean light curves using the IP method. The results are summarized in Table 4 assuming different possible mass and [Fe/H] values. Note that the zero points of the colour and magnitude scales defined by the dereddened magnitudes of the comparison stars, are also allowed to vary i.e, they are also fitted at this step. To derive the distance, the apparent dereddened mean V magnitude of DM Cyg has to be known as the IPM gives the absolute mean V brightness of the star. To determine the apparent dereddened mean magnitude of DM Cyg, the stan- Table 4 . Mean physical parameters of DM Cyg derived from its mean light curves using the IP method. Table 4 . These results prove that the detected changes of the physical parameters during the Blazhko cycle of DM Cyg are not sensitive to the settings of the IP method, and are independent of the uncertainties of the values of the mean global parameters. See further details in the text.
dard V magnitude of the comparison stars and the interstellar absorption AV should have to be known. Unfortunately, no standard magnitudes of the comparison stars have been published. We estimate the average of the dereddened V brightnesses of the two comparison stars to be 11.333 mag transformed from their Tycho BT , and VT magnitudes (ESA 1997) and using AV = 3.14E(B −V ) = 0.558 interstellar absorption value according to the maps. It has to be emphasized, however, that the uncertainties of the standard V magnitudes of the comparison stars and the interstellar absorption value affect only the distance estimate. Neither any other parameter nor their detected variations depend on the choice of the dereddened V magnitudes of the comparison stars.
The uncertainties of the estimates of the absolute physical parameters listed in Table 4 correspond to the standard deviations of the results of running the IP code with 16 different settings. These settings are the combinations of: i) B, V and IC , or V , B − V and V − IC data are used; ii) the V rad curve is defined by Liu's template or it is cal-culated from the IC light curve; iii) 2 different weights of the initial V rad curve are used; iv) 2 different values of the ∆A(V rad )/∆VAmp ratio valid for Blazhko variables are applied (see further details in Sódor, ). However, as it can be seen from the data listed in Table 4 , the true uncertainties of the mean global parameters are larger than the estimated errors of the solutions obtained for fixed mass and metallicity values. The true possible parameter space comprises the full range of the solutions for the possible mass and metallicity ranges. Nevertheless, we are focusing on the variation in the mean physical parameters and not on their absolute values, and it is shown in the rest of this section that the uncertainties of the mean global physical parameters have no effect on their variation during the Blazhko cycle.
Though the amplitude of the modulation of DM Cyg is only about one tenth of that of MW Lyr, we have applied the IPM to the light curves in 10 different phases of the modulation in order to decide whether there are any detectable changes in the mean global parameters of DM Cyg during its Blazhko period. The distance and the mass are fixed to their possible values given in Table 4 In the left-hand panels, the variations in the observed mean quantities are plotted: total pulsation amplitude in V band, the variation of the pulsation period derived from the phase variation of the f0 pulsation frequency and different pulsation averages of the magnitudes and colours. The right-hand panels show the quantities derived from the IP method for three possible mass/distance combinations: the mean values of the radius, the surface gravity, the absolute visual brightness averaged by magnitude and intensity units, the luminosity and the effective temperature. The different combinations of the mass and distance give very similar results, the amplitudes and phases of the detected changes in the mean physical parameters during the Blazhko cycle hardly change, only their averages over the Blazhko cycle are different, corresponding to their respective values given in Table 4 . If atmosphere models with [Fe/H]=−0.1 are used, the results on the variations of the physical parameters during the Blazhko cycle are not changed.
In order to get a real estimate of the uncertainties of the derived quantities in different phases of the modulation, the IP code has been run with 16 different settings for each data set again. Note that the zero points of the colour and magnitude scales defined by the dereddened magnitudes of the comparison stars, are also fixed now. These magnitudes were, however, allowed to vary i.e., they were also fitted when the mean global parameters were determined. This explains why the scatter of the results for the 16 different setting of the IP method is much smaller in the different phases of the modulation than the scatter of the results for the mean light curves.
The different intensity and magnitude averages of the V light curve and the colour curves show hardly any variations, the amplitudes of their changes is only 0.002-0.004 mag. The V , and B − V averages show some small systematic variations of similar character like these averages in MW Lyr, but the V − I averages show only scatter. In spite of that the observed mean magnitudes and colours vary only slightly during the Blazhko cycle in DM Cyg, by the aid of the IP method 0.3% and 7 K systematic changes in the mean luminosity and temperature of the star could be detected during its Blazhko cycle. The phase relation of these variations are the opposite, similarly as it was detected in MW Lyr. Both stars are the most luminous and the coolest at around the largest amplitude phase of the modulation.
The IP method calculates the mean physical parameters as their mathematical averages over the pulsation cycle. F (Φ) = < F (ϕ) >, where Φ and ϕ denote modulation and pulsation phases, respectively, and <> denotes averaging by ϕ for the whole pulsation cycle. For the luminosity, it means that the values plotted in Fig. 12 correspond to:
4 >, as the IP method satisfies the Stephan-Boltzmann law in each phase of the pulsation (ϕ). showed from direct BaadeWesselink analysis results that, even when the equilibrium luminosity and radius of pulsating variables equal with the arithmetic means of their variations over the pulsation cycle, the equilibrium temperature Teq is not the same as the mean temperature < T ef f > of the star. The equilibrium temperature is defined then as
. Consequently, the relation between the arithmetic means of the physical parameters shown in Fig. 12 deviates to some extent from the theoretical Stefan-Boltzmann law.
The 0.13% variation in the mean radius is in good agreemant with the 0.17% changes of the pulsation period (the pulsation equation requires ∆P/P ≈ 3/2∆R/R). The pulsation period changes are determined from the phase differences of the f0 pulsation frequency in different phases of the modulation, but when deriving the radius variation the IP method does not utilize this information in any way. Consequently, the determined period and radius variations are completely independent quantities. The fact, that they show such a good agreement is a great support both to the IP method, and to our interpretation of the phase modulation as variations in the pulsation period.
Comparing the results obtained for DM Cyg with that of MW Lyr (Fig. 14 in ) the similar behaviour of the two stars are conspicuous. The only difference is in the detected amplitudes of the variations of the different parameters, each being about one tenth of their detected amplitudes in MW Lyr, in accordance with the different amplitudes of the modulation of the two stars.
THE PHOTOGRAPHIC AND PHOTOELECTRIC DATA
The photographic light curve of DM Cyg was shown in Hurta (2009). Although the Konkoly photographic data are very sparse, the observations covered 24 years with a 13-year gap, we tried to analyse this data set also searching for any sign of light curve modulation. No indication of light curve modulation has been found in any of the two parts of the photographic data, but there is some hint that modulation fre- quency components appear at kf0 + fm, (k = 1, 2, 3) positions in the residual spectrum of the complete photographic data set (see Fig. 13 ). The highest modulation peaks are not exactly at the same separations for f0 + fm, 2f0 + fm and 3f0 + fm. The best solution which gives the smallest residual for the photographic data can be gained with 2. of the rising branch at Bpg = 11.5 mag brightness values phased with the supposed 10.636 d modulation period. The phase of a given magnitude on the rising branch can be determined with higher accuracy than the phase of the maximum, therefore we use this quantity to measure the amplitude of the phase modulation component in the photographic data. Data belonging to the two parts of the observations are denoted by different symbols in Fig. 14. According to these plots the amplitudes of the amplitude and phase modulations were not larger at the time of the photographic observations than today. The photographic data were also analysed taking into account the period decrease of the pulsation that took place during the time interval of the observations, but the results were only marginally different from that obtained from the original photographic data.
The photoelectric observations comprise data only from four nights which does not allow to check the light curve modulation. The photoelectric data were therefore used only to determine one normal maximum timing listed in Table 2 .
The normal maximum timings of the Konkoly observations given in Table 2 together with literature data collected in the GEOS database are plotted in Fig. 15 . Based on the GEOS data Le determined β = 0.091d Myr −1 period increase rate for DM Cyg. The addition of the Konkoly data does not modify this result.
From the analyses of the CCD and photographic data of DM Cyg we conclude that the period changes of the pulsation and modulation have the opposite direction, when the pulsation period of DM Cyg was shorter by 0.000005 d then the modulation period was 0.066 d longer than today. These values correspond to dP B dP 0 = −13200 or dP B P B / dP 0 P 0 = −523 period change rates. However, these data have to be taken with caution partially because the uncertainties of the results derived from the photographic data and also because pulsation and modulation period changes of those Blazhko variables where the periods could be determined for several epochs show that there is no strict relation between the two periods, for some time intervals even the sign of the period change ratio can change (e.g., in RV UMa ). Therefore, the period change ratios defined by only two-epoch data should be missleading in some cases. We also have to note, however, that the complex period change behaviour of the modulation is usually connected to complex changes of the pulsation period and of the properties of the modulation, too (e.g., in RR Gem and XZ Cyg Sódor, . Probably, the steady period change of the pulsation of DM Cyg is accompanied with steady period change of its modulation and with the stability of its modulation properties.
SUMMARY
In the present paper the light curve modulation of DM Cyg, a fundamental mode RR Lyrae variable has been investigated. Most of the results are very similar to those found in the analysis of MW Lyrae, a large modulation amplitude Blazhko variable, but on a significantly smaller scale. The 0.07 mag amplitude of maximum brightness variation of DM Cyg is only 10% of the modulation amplitude of MW Lyr, accordingly, all the changes detected in DM Cyg during its Blazhko period are about 10% of the detected changes in MW Lyr.
The phase and amplitude relations of the amplitude and phase modulation components are similar in DM Cyg and MW Lyr. The variations of the mean magnitudes and colours in DM Cyg where they can be detected are also similar to their counterparts in the MW Lyr data. Therefore, it is not surprising that the derived changes in the mean global physical parameters of DM Cyg resemble the changes found in the mean parameters of MW Lyr only on a much reduced scale.
The only notable difference between the character of the modulations of the two stars is found when the changes of the Fourier parameters of the light curves during the Blazhko cycle is investigated. While in the case of MW Lyr the phases of 2f0, and 3f0 change in line with the phase variation of f0 (i.e, there is no significant changes detected in the ϕ(f k1 ) phase differences), when analysing the light curves of DM Cyg 90
• phase differences between the phase variation of the f0 pulsation frequency and the phase variations of the higher order pulsation components are found. In spite of this, the data transformation that corrects the times of the observations taking into account the phase variation of the f0 pulsation frequency which completely separated the amplitude and phase modulation components of the light curve modulation of MW Lyr seems to work also on the light curve of DM Cyg.
The modulation behaviour of other Blazhko variables can differ, however, more significantly from the modulations of DM Cyg and MW Lyr. There are Blazhko stars, where the phase relation of the amplitude and phase modulation components contrast with the phase relations of DM Cyg and MW Lyr. Also, the detected changes in the mean colours may vary differently e.g, in SS Cnc ). Therefore, we cannot draw major conclusions from the similarity of the results obtained for DM Cyg and MW Lyr before analysing other Blazhko variables of different character on a similar way.
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INTRODUCTION
Utilizing our full access to an automatic 60 cm telescope we have obtained extended multicolour observations of many fundamental mode RR Lyrae variables showing light curve modulation (the Blazhko effect) during the past five years. Detailed analyses of some of our targets were already published in ). Our observations are the first multicolour photometric data which are accurate and dense enough to allow not only to determine ⋆ Based on observations collected with the automatic 60 cm telescope of Konkoly Observatory, Budapest, Svábhegy the frequencies appearing in the Fourier spectra of the light curves, but also to find changes in the global mean physical parameters of the stars (L, T ef f , R) in different phases of the modulation. In order to extract changes in the physical parameters exclusively from multicolour photometric data we developed an inverse photometric DM Cyg, a short period (P = 0.42 d) RRab star was selected to be observed in the frame of the Konkoly Blazhko Survey because it had been announced to show phase modu- Though DM Cyg is a relatively bright (V = 10−11 mag) RR Lyrae star, complete, accurate, multicolour light curve of its pulsation has never been published. Its period change was, however, regularly monitored by different groups of observers. The GEOS database 1 lists 260 maximum times of DM Cyg between 1900 and 2008.
DATA
CCD observations were obtained with the automated 60 cm telescope of the Konkoly Observatory, Svábhegy, Budapest equipped with a Wright Instruments 750 × 1100 CCD camera and BV IC filters. Measurements were taken on 81 nights between July 2007 and Sept 2008. About 3100 data points in each band were gathered. Exposition times were 200, 60 and 40 sec or a bit longer depending on the sky transparency in the BV IC bands, respectively. Data reduction was performed using standard IRAF 2 packages. Aperture photometry of DM Cyg (21:21:11.548 +32:11:28.71) and several neighbouring stars were carried out in order to check the stability of the photometry and the constancy of the comparison stars. The relative magnitudes of DM Cyg measured to the mean magnitudes of C1=GSC2.2 N0330220980 (21:21:30.731 +32:13.05.78), and 1 http://dbrr.ast.obs-mip.fr/maxRR.html 2 IRAF is distributed by the National Optical Astronomy Observatories, which are operated by the Association of Universities for Research in Astronomy, Inc., under cooperative agreement with the National Science Foundation. . Second order extinction correction of the data were applied in the B band. Relative magnitudes are transformed to standard BV IC magnitudes. More details on the reduction procedure are given in . Archive photoelectric and photographic data obtained with the 60 cm telescope in 1978 and with a 16 inch astrograph between 1934 and 1958 are also utilized. Photoelectric observations were obtained on 4 nights, the BV magnitudes were measured relative to GSC2.2 N03302207371. The photographic measurements comprise data from 40 nights, the plates were evaluated using GSC2.2 B magnitudes of the surrounding stars. Table 1 shows a sample of the Konkoly photometric data of DM Cyg. All the photometric observations are available in the online version of the journal as Supplementary Material.
RESULTS
The V light curve of DM Cyg and the results obtained folding the data with the pulsation and modulation periods are shown in the three panels of Fig. 1 . The phased residual light curve after the removal of the mean pulsation light variation is given in Fig. 2 . This figure shows the differences Table 3 . Residuals of the smallest (stars) and the largest (diamonds) amplitude phases are shown with large symbols in the left-hand and right-hand panels, respectively. Note that the residuals have larger amplitude at around the middle of the rising branch of the pulsation (phase = −0.1) than around pulsation maxima (phase = 0) due to phase modulation.
Data analysis was performed using the different applications of the MUFRAN package ), a linear combination fitting program developed byÁ. Sódor, and the linear and nonlinear curve fitting abilities of gnuplot 3 . . The left-hand panels show the spectral window, the amplitude spectrum and the residual spectrum after the removal of the pulsation components for the CCD V data. The middle and right-hand panels show residual spectra in the vicinity of the 10f 0 , 11f 0 , and 12f 0 (k = 10, 11, 12) and of the 25f 0 , 26f 0 , and 27f 0 (k = 25, 26, 27) frequencies, respectively. The spectrum has been prewhitened for the pulsation components up to the 24th order, and in the right hand panels for the detected modulation components, too. These spectra indicate that modulation frequency components are present only in the first 10-11 orders, while the pulsation can be accurately described if harmonic frequency components are taken into account up to as high as the 27th order. For clarity, vertical grids denote the positions of the kf 0 , kf 0 + fm and kf 0 − fm frequencies. 
The light curve solution
The Fourier amplitudes and phases of the pulsation and modulation frequency components identified in the spectra of the BV IC light curves of DM Cyg are summarized in Table 3 . The Fourier decompositions use sin terms and the initial epoch corresponds to one of the brightest maxima of the modulated light curve, T 0 = 2454312.514. The errors of the amplitudes are ∼ 0.0002 mag, the errors of the phases for the time transformed V data (see the details later) are given in the last column. The pulsation components are detectable up to the 27th order, while the modulation side frequencies (kf0 ±fm) diminish at around the 11th order as documented in Fig. 4 . The modulation frequency fm is present without question in each of the B, V, I spectra with similar ampli- tudes as the 4th order negative and the 9th order positive modulation side lobe components have. Quintuplet frequencies are detected at f0 − 2fm and 2f0 − 2fm as shown in Fig. 5 . The 51 frequencies listed in Table 3 fit the data with 6-8 mmag residual scatter in each band, which is about the level The decrease of the amplitudes of the pulsation components with increasing order is smooth and exponential-like. The amplitude decrease of the modulation components is however, different. The amplitudes of the low order modulation components behave irregularly, while they show a linear decrease at higher orders (see Fig. 6 ). Similar behaviour of the amplitude decrease of the detected frequencies were demonstrated for RR Gem, SS Cnc and SS For ). ..5f0 components decrease more drastically with increasing order in MW Lyr than in DM Cyg. This is most probably connected to that the pulsation components are detected only up to the 12th order in MW Lyr, while they can be observed up to the 27th order in DM Cyg. Nevertheless the phase relations between the amplitude modulation and the variation in the phase of the f0 pulsation component are the same for the two stars, the detected changes in the epoch independent phase differences [ϕ(f k1 )] are, however, significantly different. While in DM Cyg the ϕ(f k1 ) phase differences show sinusoidal variations with 0.25 (π/2) phase shift and with larger amplitude than ϕ(f0), in MW Lyr the amplitudes of the variations of the ϕ(f k1 ) components are smaller than the amplitude of ϕ(f0) and they do not show strictly regular behaviour with the modulation period.
Based on analytical and test results it was recently shown by that the phase difference between the phases of the amplitude and phase modulations is connected to the difference between the squares of the amplitudes of the f0 + fm and f0 − fm components. If the f0 + fm component has larger amplitude than f0 − fm has, then the occurrence of the largest amplitude of the pulsation (maximum of the brightness maxima) precedes the occurrence The times of the observations are corrected according to the phase variation of the f 0 pulsation component during the modulation cycle in the transformed data. The inserts magnify the plots at around the middle of the rising branch. The original data show significant spread of the observations here due to phase modulation, while in the time transformed data the phase modulation is eliminated as the narrowness of the rising branch indicates.
of the largest delay of the maximum timings (largest positive O − C value) and the direction of the progression in the maximum brightness-maximum light phase plot (righthand panel in Fig. 3 ) is anti-clockwise. Contrarily, if the larger amplitude modulation components are the kf0 − fm frequencies, then the phase of the largest delay of the light curve precedes the phase of the maximum amplitude. DM Cyg is an example for the former case, the amplitudes of the kf0 + fm components are larger than the amplitudes of the kf0 −fm components, the maximum of the amplitude modulation precedes the phase of the largest delay of the maxima and the direction of the progression in the right-hand panel in Fig. 3 is anti-clockwise. Due to the non-sinusoidal shape of the light curve and the residual phase modulation in the higher order pulsation components the phases of maxima vary slightly in the time transformed data as well. The difference between the phase of the highest light maximum and the phase of the maximum brightness of the largest delay during the Blazhko cycle is around 180
• for this data set as it is shown in Fig. 11, i .e. the largest delay of the light curve occurres when the amplitude of the pulsation is the smallest. Fig. 11 shows the same plots as Fig. 3 but for the time transformed data. The right-hand panel shows already hardly any loop structure wider than the scatter of the data.
Changes in the global physical parameters during the Blazhko cycle
THE PHOTOGRAPHIC AND PHOTOELECTRIC DATA
The photographic light curve of DM Cyg was shown in Hurta (2009). Although the Konkoly photographic data are very sparse, the observations covered 24 years with a 13-year gap, we tried to analyse this data set also searching for any sign of light curve modulation. No indication of light curve modulation has been found in any of the two parts of the photographic data, but there is some hint that modulation fre- Figure 14 . Maximum brightness and phase of the Bpg = 11.5 mag brightness values on the rising branch (0.2 mag below maximum brightness) for the photographic observations phased with the supposed modulation period (10.636 days) are shown in the left-hand and right-hand panels, respectively. Data from the two parts of the photographic observations are shown with different symbols. According to these plots, there is some indication that the maximum brightness and the phase of the rising branch of DM Cyg varied with small amplitude during the time of the photographic observations as well.
quency components appear at kf0 + fm, (k = 1, 2, 3) positions in the residual spectrum of the complete photographic data set (see Fig. 13 ). The highest modulation peaks are not exactly at the same separations for f0 + fm, 2f0 + fm and 3f0 + fm. The best solution which gives the smallest residual for the photographic data can be gained with 2. Table 2 are plotted by squares, the time intervals of the Konkoly observations are indicated by horizontal lines in the top of the figure. The O − C indicates steady period increase during the ∼hundred years of the observations. of the rising branch at Bpg = 11.5 mag brightness values phased with the supposed 10.636 d modulation period. The phase of a given magnitude on the rising branch can be determined with higher accuracy than the phase of the maximum, therefore we use this quantity to measure the amplitude of the phase modulation component in the photographic data. Data belonging to the two parts of the observations are denoted by different symbols in Fig. 14. According to these plots the amplitudes of the amplitude and phase modulations were not larger at the time of the photographic observations than today. The photographic data were also analysed taking into account the period decrease of the pulsation that took place during the time interval of the observations, but the results were only marginally different from that obtained from the original photographic data.
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